Cold water refuges: critical temporary habitats
for migrating salmon and steelhead
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Preview

» Temperature effects on
adult salmon & steelhead

e Migration corridors:
seasonally stressful
conditions for many
species / populations

e Behavioral
thermoregulation

e Critical thermal
habitats and
opportunities for
management /
restoration
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Estuary and Lower Columbia River =
adult migration corridor
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Temperature (10 year mean)

Adult run timing in relation to temperature
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Migration ecology: warm migration corridor
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Lower river water temperature
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Why it matters. ...

Mean July temp: Columbia at Bonneville
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Why it matters. . .. Disease, fungal infections,
energetic costs, en route migration mortality




Why it matters. . .. Prespawn mortality

Chinook salmon prespawn mortality,
Middle Fork Willamette River

Keefer et al. (2010, EFF); Keefer & Caudill (2010)

Chinook salmon prespawn mortality,
South Fork Salmon River
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Hinch et al. (2012, JFB); Keefer et al. (2008, EFF)



One coping mechanism:
behavioral thermoregulatlon

e Seek and use cool water
refuge areas: adults, juveniles,
resident fish
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Behavioral thermoregulation

e Adult migrants seek and use cool water
refuge areas along migration routes

e Balance benefits (metabolism, energetics, etc.)
against potential risks (migration delay, harvest, predation, etc.)




Behavioral thermoregulation: BON - JDD

olumbia R.

e Behavioral response potentially occurs at a
variety of locations along the migration corridors



Adult salmon and steelhead radiotelemetry




Behavioral thermoregulation

Summer steelhead with archival tags
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e Steelhead migration relatively flexible and
refugia use often lasts weeks
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Behavioral thermoregulation

Median migration rate (km*d-1)
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Population

Behavioral thermoregulation

Summer steelhead: passage
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Behavioral thermoregulation

Spring, summer & fall Chinook
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e Chinook salmon migrate more directly, use
refugia less (median = 3 d for fall Chinook):
less scope for thermoregulation



Behavioral thermoregulation

Median passage rate (km/d)
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Critical habitats

» Expectation: Preferred thermal habitats
will be reduced as regional climate continues to warm

Where / When will this become limiting?

How can we maintain and / or restore patchy,
but critically important habitats?

e High-volume, high-quality sites: manage fisheries, ensure source
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Critical habitats

e Patchy, seasonally-beneficial
sites: more challenging to identify

e Off-route, low-volume sites: less
direct, tangible value to migrants
- but high potential cumulative and ‘local’ value
- habitat restoration opportunity

("\Tk W COLUMBIA RIVER ESTUARY

sandflats ‘

Depth (m)
aker'Bay North SR &2

Channel

vegetated marsh

Navigation s 10 km

CMOP Channel




Critical uncertainties

» Can adaptation keep pace
with environmental change?

Margin for adaptation differs
for Spring vs. Summer vs.
Fall-run populations
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Keefer et al. (2008, EFF)
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Critical uncertainties

» Can adaptation keep pace
with the combination of
environmental change
+ river regulation?
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Willamette River

Thermal histories: 2013
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